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Chapter 1

THE NATURE OF FALLOUT

1.1 Background

The first nuclear explosion, Shot Trinity, was detonated at

Alamagordo, New Mexico, on the 16th day of July in 1945. The device

was mounted on a tower at a height of about 100 feet, and the energy of

the explosion was equivalent to tiat of 19,000 tons of TNT. The explo-

sion, as all nuclear explosions, produced radioactive materials that

combined with other materials engulfed by the forces of the explosion.

The product of the combination has been given the name fallout.

From most nuclear explosions, fallout is in the physical form of

particles. After Shot Trinity some of these particles deposited on pas-

tures and on the backs of cows at a considerable distance from the point

of detonation, and the nuclear radiations from the particles caused

burn-like injuries on the cows' backs. Other than this the exposure had

no ostensible influence on tue life of the animals or their offspring.

The incident, however, initiated interest and concern among some

scientists and engineers. Both the fate of radioactive substances pro-

duced in nuclear explosions and the biological consequences of exposure

of living matter to the nuclear radiations from these substances camc

under study.

At Operation Crossroads, in 1946, ships exposed to the effects of

an underwater nuclear detonation were found to be contamLaa.ed with

radioactive substances, and military--especially NEvy--interest in the

fallout phenomenon was aroused. The results of that test initiated the

recognition of fallout as one of the primary phenomena of nuclear explo-

sions and one that could have a profound influence on military operations

using nuclear weapons.

The recognition and acceptance of the implications of fallout on

military operations, however, was at first limited to a rather small

group of scientists, engineers, and military people. Additional evidence

and data on fallout were obtained in subsequent tests, especially in

Operations Greenhouse and Buster-Jangle in 1951 and Upshot-Knothole in

1953. But it was not until the detonation of Shot Bravo in Operation

Castle in 1954 that general recognition of the fallout phenomenon was

established.



Two of the better-known incidents that influenced (or forced) such

recognition were the exposure of the Marshall Islanders on Rongelap Atoll

and of the Japanese fishermen in their boat at sea to the radiations from

fallout. But even after the Shot Bravo experience there remained a few

who wanted to believe that a "fluke" had occurred and that fallout was

not of military significance.

Now, several years and many test detonations later, there are no

remaining doubts about the production of fallout in nuclear explosions.

Present studies are directed to quantitative evaluations of the degree

to which fallout is significant in the military applications of nuclear

explosives. Thus it is no longer of interest simply to note that radio-

active atoms are produced in nuclear explosions. The problem is to de-

termine the quantity of the radioactive atoms produced, what physical

processes they are subjected to, where they go, and how their disposition

may affect the operations and the lives of people.

Because fallout contains radioactive atoms, and because radioac-

tive atoms emit nuclear radiations that Lan cause damage in the cells of

living tissues, the presence of fallout in the environment is usually

equated with a potential radiological hazard to living matter. The core

of the present-day interest in fallout, therefore, consists of evaluating

the biological consequences to humans, animals, and plants of the expo-

sure to nuclear radiations from fallout.

The degree and nature of possible exposures of living matter to

nuclear radiation depend upon many physical parameters, and these begin

with the initial production of the fallout in a nuclear explosion. The

nature of the exposure is more fundamentally connected with physical

processes than is the degree of the exposure. In terms of degree, it is

known that possible radiation exposures would be highest. and therefore

the biological consequences most severe, for nuclear explosives used in

a large-scale war. This degree of exposure is of concern to many.

After the fallout is in an environment, the degree of this radio-

logical hazard can be measured. But the kind and amount of hazard in a

nuclear war situation, at least before the fact, cannot be evaluated

without a reasonably detailed description of the history of the radio-

active atoms produced in nuclear explosions. Such a history, to be use.-

ful, must reveal the essential details of the physical processes in which

the ridioactive atoms participate, from the instant they are formed up

to any desired lator time.

The major purpose of these discussions, therefore, is to outline

and discuss these physical processes and the important parameters on
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which they depend. The data, data analyses, data correlation schemes,
and discussions presented here are organized to emphasize basic princi-

ples so that an appropriate methodology can be applied in evaluating

the radiological consequences of nuclear war.

1.2 Local Fallout

An explosion of any kind, detonated near the surface of the earth,

causes material to be thrown up or drawn into a chimney of hot rising

gases and raised aloft. In a nuclear explosion, two important processes

occur: (1) radioactive elements, which are produced and vaporized in

the process, condense into or on this material; and (2) a large amount

of nonradioactive material rises thousands of feet into the air. As the

particles of all these materials fall, the winds scatter them over large
areas of the earth's surface. Thus, when the particles reach the sur-

face of the earth, they are far from their place of origin 'nd contain,

within or on their surface, radioactive elements. Whether they are

solid particles produced from soil minerals or liquid (salt-containing)

particles produced from sea water, they are called fallout.

The composition of fallout can be described in terms of two or
three components. One is the inacti'e carrier; this consists of the

environmental material at the location of the detonation and is the

major component in a near-surface detonation. The second component

includes all the radioactive elements in the fallout.

These radioactive elements can be subclassified into two groups by

source. The first group contains the fission-pruduct elements that are

produced in the fission process that initiates the explosion. The sec-

ond group consists of the elements produced by the capture of neutrons

released in both fission and fusion. The kinds and amounts of these
neutron-induced radioactive elements in the fallout differ from one

detonation to another depending upon the type of weapon used and the

chemical elements available to capture excess neutrons. Thus. the

bomb's structural materials contribute to the radioactivity in air-
burst fallout, and, in surface-burst fallout, the environmental materials

at the point of detonation provide additional radioactive elements.

The word fallout is occasionally preceded by "local" or "world-

wide." These terms imply some arbitrary differentiation of the fallout,

or the radioactivity, on the basis of distance from the point of detona-

tion or time required for the material to fall to the earth's surface.

However, as is discussed in the following chapters, the gradual changes

in the properties of the fallout with distance make precise definition
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of these terms impossible, except for the extremes of each fallout
classification. Therefore, except for these extreme cases, these do-
scriptions are not used further as definitive terms in discussing the
nature and properties of fallout from land-surface detonations.

The characteristic types of local fallout are determined by the
environment at the point of detonation. They are generally classified

as being either land, sea water, or harbor fallout.

The major component of the fallout from detonations near the sur-
face of land is the soil particles. In detonations near the surface of
the ocean, the major component is the sea water residues (salts and
water). The fallout from det-nations in harbors, rivers, and shallow

lakes may contain materials from the bottom as well as water and/or sea
water salts; the relative amounts of each depend on the depth of the
water, the height or depth of the burst, and-the energy released during
the explosion. Because of the unavailability of unclassified data on
fallout from detonations on the surface of the ocean or on harbor envi-
ronments, sea water and harbrc- fallout characteristics are not discussed.
Some data applicable to sea water and harbor fallout behavior are sum-

marized in Reference 1.

The fallout from the near-surface bursts consists of many particles
that are sufficiently large to be visible to the naked eye. And, in areas
of heavy fallout, the gross deposits of the smaller particles are visible

as a thin layer of fine dirt.

1.3 World-Wide Fallout

World-wide fallout results from both surface and air detonations
with large explosive yields. It is estimated that up to about 20 per-
cent of the tctal radioactivity produced in a large yield land-surface
detonation forms the very small particles which are dispersed in the

stratosphere to become world-wide fallout.

World-wide fallout consists of small vapor condensed particles
whose major constituents are the bomb structural materials and radio-

active-contaminated natural 2aerosol particles consisting mainly of
ammonium sulfate compounds. Except for neutron-induced radionuclides
in environmentpl materials, the radioactive components in world-wide

fallout are the same as they are in local fallout.

The world-wide fallout injected into the stratosphere is deposited
on the earth mainly in rainfall over a period of months and years.

4



Because of the long delay period before deposition, only the relatively
long-lived nuclides such as Sr-90 and Cs-137 remain as radioactive
nuclides. The wide distributions over the world result in only light

possible for local fallout. The deposited materials, as discrete parti-

cles, in world-wide fallout are invisible to the naked eye.

1.4 Potential Hazards from Fallout

The potential hazards from fallout are mentioned briefly here to

identify them, to indicate their relationship with physical quantities

that can be measured, and to emphasize the fact that interest in knowl-

edge abort fallout has been aroused mainly because of these hazards.

The radioactive elements within or on the surface of the fallout

particles emit gamma and x-rays and/or beta or alpha particles. The

gamma and x-rays are the same except that the gamma rays are more ener-

getic; they are often termed the penetrating or long-range radiations

because gamma and x-rays travel long distances in air and in other low-

density materials. The beta and alpha particles are often termed short-

range radiations because they do not travel very far even in air and

are stopped by small thicknesses of more dense material. Of the two,

the alpha particles are the easier to stop.

The potential biological hazard from the three types of nuclear

radiations depends on the capability of the different types of radia-

tion to penetrate material, both living and inanimate, especially when

the radioactive source is not in contact with the material irradiated.

Thus, from fallout particles deposited on the ground, the gamma rays

are the only radiations emitted that can penetrate large distances into

the human body. The shorter-range beta particles can penetrate a short

distance into material when their source is either in contact with its

surface or is part of the material (i.e. an internal source). Since

the major source of alpha particles in fallout is from the decay of un-

reacted uranium or plutonium, which are very long-lived radionuclides,

the alpha-particle hazard is negligible compared with that of the gamma

and beta rays emitted by other radioactive elements. Her'ce the alpha-

particle hazard is not considered further.

The two radioactive emissions that are of concern in fallout, there-

fore, are the gamma radiations (including the x-rays) as an external

source of hazard and the beta particles as a contact or internal source

of hazard. The significance of this differentiation between the two

types of radiations as hazard sources is discussed in later chapters.
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Both types of radiations cause injury to living organisms by producing

ionization along their paths through living tissue. In other words, the

rays or particles transfer energy to the electrons of the atoms in the

material they penetrate. This causes the electrons to leave their orbits

around the nucleus of the atom so that the atom takes on, for a short

time, a positive charge.

A specified amount of energy is required to ionize an atom; for

every ion pair formed by the passing of a gamma ray or beta particle

near an atom, the ray or particle loses an equivalent amount of energy.

The amount is not the same for all materials penetrated because the

energy required to ionize an atom differs from one chemical element to

another. The roentgen is the defined unit for measuring the energy

absorbed from gamma and x-rays in air. The value of the roentgen unit

is based on the energy required to ionize the nitrogen and oxygen atoms

of air to form, in one cubic centimeter of air at standard conditions,

one pair of ions. By this definition, the roentgen unit is equivalent

to the absorption of about 87 ergs of energy per gram of air.

Since the roentgen is defined on the basis of air ionization, it

cannot be related to the number of radioactive atoms that emit gamma

rays unless both the energy of the rays passing through a given volume

of air and the geometric configuration of the emitting sources are

known. These relationships, for a complicated mixture of radionuclides

such as would be present in fallout, have only been calculated for a

few very simple source geometries. An example is the calculation for

the air ionization rate at three feet above an infinite smooth plane

covered with a uniform distribution of fission products.
3

The air ionization rate, in roentgens per hour, is often called

the intensity, or the radiation intensity; when used, these terms always

refer to the magnitude of the air ionization rate. Another term often

used is dose rate; however, this one is more precisely associated with

the rate of energy absorption, from the radiations, in living tissue

rather than in air, since dose rate has a biological connotation. In

common usage, the three terms (intensity, radiation intensity, and dose

rate) are used interchangeably; when their units are roentgens per hour,

they are, in fact, air ionization rates.

The total amount of energy absorbed in a volume of air over a

period of time is the radiation dose. When the accumulated air ioniza-

tion rate (i.e. the dose) is associated with biological hazard from an

unmodified fallout deposit, the r strictive terms potential dose or

exposure dose are often used. Such use actually involves two restrictive

concepts or assumptions. The first is that this dose is the total amount
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of air ionization, per unit volume, that a person or object is exposed

to by staying in the specified location for the length of time that the

stated energy is being absorbed by the air. The second concept is that

the dose, or the energy absorbed by the air, is proportional to the

amount of energy absorbed by the person or object.

The terms dose, potential dose, or exposure dose are used only in

reference to the air ionization in the following chapters. The exposure

dose and exposure dose-limit values are summarized and discussed on the

basis of reported and assumed relations between air ionization doses

and biological effects. The biological responses, when applicable,

include the concept that some biological effects have a threshold dose

while others do not and that, when the dose is absorbed over a long

period of time, the biological effect of the dose is decreased due to

bodily repair of tissue damaged during the exposure.

The ionization rate and the dose from beta rays are usually defin-

ed in terms of the energy absorbed by the ionization of the atoms or

molecules in tissue. Since the beta particles do not penetrate very

far into tissue, the dose from beta emitters on the surface of tissue,

such as the skin, is absorbed largely in the skin's outer layers. Be-

cause of the complicated manner in which the energy of the beta particles

is distributed, there is no simple method for estimating the energy
absorbed in various thicknesses of a tissue having a deposit of a mix-

ture of radioactive atoms on its surface. Even when radioactive atoms

are uniformly distributed through a tissue, as may be the case for sev-

eral ingested radioelements, the methods for estimating the absorbed4
dose are fairly complicated. In this case, the rates of accumulation

in, and elimination from, the tissue must also be considered.

In most of the fallout conditions described in the following chap-

ters, the beta radiation exposure turns out to be the less dominant

fallout hazard. However, the times and situations where beta radiation

can be a significant hazard resulting from the uptake of radionuclides

in food chains are discussed in Chapters 8 and 14. The ingestion of

radionuclides from fallout over a long period of time would become the

predominant radiological hazard after a period of time. The magnitude

of this internal hazard depends on the chemical nature of the fallout;

radionuclide solubility, for example, uniquely determines the avail-

ability for ingestion and assimilation in living tissue.
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1.5 Radioactive Decay

Evaluation of the -adiological hazards fr.,.. fallout (so that the

necessary degree of protection from the nuclear radiations can be speci-

fied) requires knowledge of how the air ionization rate decreases with

time. The integral, or accumulated, exposure dose is determined from

a curve giving the variation of the air ionization rate with time.
Thus all the factors that influence the radionuclide composition of
fallout which, in turn, determine the rate of change of the air ioniza-

tion with time also influence the degree of the radiological hazard,

expressed as exposure dose.

In a nuclear detonation, the fission process produces about 90

fission-product mass chains, consisting of about 40 different elements.
In each mass chain produced in the fission of fissile materials, one

or more radionuclides are produced. These consecutive parent-daughter

pairs in each mass chain decay one to the next until finally a single

stable nuclide is formed. The decay of this mixture of radionuclides

can be calculated from (a) the initial yield of the nuclides in each

mass chain, (b) the half-life of each nuclide, and (c) the abundance of
the gamma rays produced when each nuclide decays.

In a nuclear detonation, the fission products are initially vapor-

ized; they condense later as the fireball cools. Of the approximately

40 elements present, some are volatile and not usually in a condensed
state even at ordinary temperatures. Some elements are refractory and

condense at high temperatures. The remainder condense at intermediate

temperatures.

Because there is such a large range in the thermal stabiliy of the

condensates cf the fission-producL radionuclides, the normal abundance
ratios of the fission-product radionuclides in fallout are altered. It

is found that, in the larger fallout particles, the relative concentra-

tion of the volatile radionuclides (and their daughters) is low and
that the concentration of the more refractory radionuclides is high.

Any such alteration in the abundance ratios of the fission products,

relative to the original fission-yield abundance ratios, is called

fractionation. In most types of fallout, the fission-product radionu-

clides are found to be fractionated.

Neutron-induced activities, previously mentioned, are also found

in fallout. These induced activities are produced by neutron capture

in materials present in the weapon itself and in other environmental

materials at the point of detonation. Perhaps the most important of the

induced activities are those produced by neutron capture in the elements
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of the weapoin's construction materials. These induced activities

result from neutron activation of uranium-238, iron, manganese, and

other bomb construction materials. From detonations on or in soil and

sea water, manganese and sodium are perhaps the most likely elements to

be neutron-activated in highest abundance.

The gross decay, or variation in air ionization rate with time, of
the nuclear radiations from fallout is the sum of the contributions of

all the radionuclides present in the radiation source. Thus, to specify

or even to estimate the gross decay rate of the radioactivity in fallout,

both fractionation and neutron-induced activities must be considered.

1.6 The Standard Intensity and Contour Properties

The term standard intensity is defined here as the magnitude of

the air ionization rate at three feet above an extended open area cover-

ed with fallout, corrected to a stated time after detonation; convention-

ally the stated time is one hour after detonation. This reference-time

originated when the "nominal" detonation yield of nuclear weapons was

20 kilotons (KT) and when data on fallout were available only for small-

yield weapons, since for such yields the fallout process was essentially

complete by one hour after detonation, at least in areas receiving sig-
nificant amounts of fallout. The deposition of fallout from megaton (MT)

yield explosions, however, is not complete even after several hours

beyond the time of detonation. In this case, the observed radiation

intensity at one hour after detonation is not the same as the standard

intensity; the latter can, however, be calculated from a measurement of

the intensity after the fallout ceases to arrive by decay-correction to

one hour after detonation.

Tho standard intensity values are used in constructing charts of

areas on which fallout has been deposited. A chart showing a fallout

pattern consists of a series of isointensity contours. These contours

are not lines of equal potential hazard until after the fallout has

ceased to arrive at the farthest downwind location on a given contour.
The charts are very useful, however, in evaluating the area-coverage of

fallout with regard to both the potential radiation hazard and the kinds

of protection needed to reduce that hazard to a desired level.

The determination of the standard intensities requires measurements

of the intensity, ever time, at a series of locations during and after

the fallout is deposited. For locations where the fallout arrival time

is greater than one hour, a decay-correction factor for the period be-

tween the time of the first measurement after fallout cessation and the
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standard time of one hour is applied to the measured intensities. Meas-

urements of the intensity over areas covered with failout particles, the

contaminated areas, have been made, in most cases, with portable ion

chambers. The accuracy of the measurements made with most of the pres-
ently available portable instruments is not very high; however, if the

ion chambers are kept in excellent repair, are carefully handled, and

are kept calibrated, accuracies of about 20 percent can be obtained.

The radiation intensity due to the fallout particles depends upon

the nqmber of radioactive atoms deposited per square foot, which is

determined by (a) the number and size (or mass) of the particles depos-

ited per unit surface area and (b) the specific activity, or concentra-
tion, of the radionuclides in the particles. To reduce the intensity of

the fallout from a land detonation by intention, either the particles

must be moved away from the location of interest or shielding must be

placed between the particles and the location of interest.

Moving the particles efficiently and effectively requires some

knowledge of the properties of the particles; also, the removal proce-

dure or decontamination method must be designed to remove fallout par-
ticles. Because of these requirements on the performance of decontam-

ination methods, relationships are needed among (a) the mass of the
particles, per unity area, (b) their specific activity, (c) their radia-

tion intensity, and (d) other desired properties. Such relationships

are extremely useful because intensity measurements, which are easy to

make, can then be used to deduce the fallout properties that influence

the decontamination and other types of fallout behavior.

These relationships between the radiation intensity and the related

fallout properties are called contour ratios; the values of these ratios,

and the mathematical Lrm of the rel~tionships among these ratios and

the other parameters, depend on two major factors. One is the type of

chemical system produced under the given conditions of temperature, pres-

sure, and concentrations of various constituent elements in the fireball.
The other factor is the manner in which the particles become distributed,

both in the forming cloud and in their fall through the atmosphere back

to earth.

Definition of the chemical systems formed in the cooling fireball

is important in describing the contamination of all types of exposed

surfaces, including paved areas, land areas, building surfaces, plants,
animals, and humans. Information on these chemical systems is also im-

portant in describing the uptake and assimilation of radionuclides by

biological species.

10
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Chapter 2

FORMATION OF FALLOUT PARTICLES

2.1 General Description of Fallout Formation Processes

The process of radioactive fallout formation is initiated when

fissile material undergoes fission. In each fission event, about 200

million electron volts (Mev) of energy is released; also, two neutron-

rich radioactive elements, or particles, plus two to four or five

neutrons and several gamma rays are produced. If the resulting two

particles carried all the released energy before colliding with another
atom, the average initial energy would correspond to a kinetic tempera-

ture of about 10 12 degrees Kelvin (OK).

The released energy is initially in the form of electromagnetic

and kinetic energy whose immediate and rapid transmission to nearby

su± rounding materials causes the latter to vaporize at high pressure.

Thus, when many fission events occur in a small volume in a short peri-

od of time, c high pressure shock wave forms and a nucl-nr explosion

results.

The two fission-i roduct atoms formed from a heavy-element atom

contain more neutrons than do stable elements having the same atomic

mass. Therefore, the initial fission-product atoms progress to stabil-

ity by emitting beta particles and/or neutrons. This beta decay of

many of the fission-product radionuclides results in the simultaneous

release of gamma rays. Also, the capture of neutrons by nearby atoms

results in the release of gamma rays. At detonation, therefore, the

gamma ray pulse includes gamma rays from (a) the fission reaction it-

self, (b) neutron capture by elements in the surrounding media, and

(c) the decay of fission products.

In the detonation of thermonuclear weapons, the high temperature

created by the fission process is utilized to fuse the light elements

such as deuterium, tritium, and lithium. In this combining of the

lighter elements to form helium or other heavier nuclei, additional

energy and neutrons are released. Such neutrons, having higher ener-

gies than those produced by fission, are able to cause the fission of

uranium-238 or, when captured by the nuclei of other elements near the

explosion, to cause the latter elements to become radioactive.

13



II

As the tiermal (and shock) wave travels outward from the detona-

tion point in near-surface explosions, the materials enveloped are also

heated to high temperatures; crystal bonds are broken, chemical com-

pounds are decomposed, molecules dissociate, and atoms become thermally

ionized. The result is the highly luminous mass of gaseous material

called the fireball.

This transfer of energy by the shock wave and radiant processes to

air and earth environmental materials (and to other substances) occurs

at the expense of the initial energy of the fission fragments; their

kinetic temperature falls extremely fast, by collision with other atoms,

as they diffuse outward from the center of the explosion. The rate at

which the energy is transferred to the materials being enveloped by the

expanding fireball also decreases rapidly as the thermal exchange pro-

ceeds and as the temperature of the materials on the interior of the

gas volume decreases. As the temperature decreases, positive ions re-

gain their electrons and become atoms, atoms recombine to form molecules,

molecules condense to form liquid droplets, and, finally, when the tem-

perature is low enough, the droplets solidify.

In the cooling of the fireball, the important stage in the forma-

tion of fallout begins with the time and temperature at which the first

liquid drops form. This formation process continues until after the

materials involved have cooled to about the temperature of the surround-

ing air. While the condensing process probably never actually ceases,

such a large fraction of the radioactive and other elements have con-

densed by about five to ten minutes after detonation that the process

is essentially complete.

The highest fireball temperature to be considered in the formation

of fallout is the boiling point of the most refractory material present

in sufficient quantity to form a macroscopic liquid phase. For most

materials this temperature is between 3000 and 4000'K.

By the time the fireball temperature cools to 3000 or 40000 K, it

has risen some height into the air and, for near-surface bursts, crater

materials consisting of liquid and/or solid soil particles have entered

the fireball. At first some of these are melted and vaporized; as the

gas temperature decreases, fewer and fewer of the crater material parti-

cles are melted, until finally those that actually reach the altitude of
the r.sing cloud are only slightly warmed. The melte~d particles dis-

solve, aggregate, and occlude the smaller vapor-condensed particles

formed by dir-ct vapor condensation even before the mass of larger
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particles enters the fireball. Whether melted or solid, the entering

particles present an extremely large amount of surface area upon which

the gas atoms or molecules can condense.

There are several basic characteristics of the fallout formation

process in the developing fireball. The first is that, of the fission

products alone, about 40 different radioactive elements are produced in

a given yield, or order of abundance, that results in a set of partial

pressures of vaporized species whose values are initially ranked in the

same order as Zhe abundance values. The second characteristic is that

the chemical reactivity and the equilibrium vapor pressure of each ele-

ment in the fireball differ from those of the other elements; thus the

fraction of each element in a condensed state at a given temperature is

also different from the fractions of the other elements.

The third characteristic is the presence of inert (nonradioactive)

substances; these furnish eitber (a) an available surface area that the

dilute vapors can condense on or interact with or (b) a dense vapor that

condenses to form a macroscopic liquid phase with which the less abun-

dant radioactive elements can interact. The role of the condensation

process, both in fallout formation and in fractionation, is discussed

in detail later in this chapter.

All the available evidence shows that, before local fallout can be

produced, a massive carrier for the radioactivity is required. Hence

the burst conditions must be such that a large amount of material from

the surface (soil, water, etc.) is swept up into the fireball and cloud.

The world-wide fallout, on the other hand, results from weapon debris

which does not come into contact with a massive carrier (in a condensing

condition) and which is injected into the stratosphere.

* A more complete general description of the fireball and its behavior
1

is given in The Effects of Nuclear Weapons (designated ENW hereafter).

Certain data from that volume are utilized here; generally these are

confined to input information required to describe the fallout forma-

tion process. Data on the size, temperature, and position of the

fireball are important in estimating its energy content and in estab-

lishing an appropriate standard referer',. time for estimating fire-

ball parametc-s for different nuclear yields.

15


